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(54) SOLDERING MEMBER FOR PRINTED WIRING BOARDS 

(57) This invention relates to a solder member for 
external connection joined to a connection terminal 
formed on a surlace of a printed wiring board corre- 
sponding to a conductor pattern and having an electro- 
less Ni/Au plated layer, wherein the solder member is a 
bail'Shaped solder containing finely powdered copper 
and has an excellent joint strength to the connection ter- 
minal. 
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Description 

TECHNICAL FIELD 

5 [0001 ] This invention relates to a solder member for printed wiring boards, and more particularly to a solder meni- 
ber having an excellent soldered joint strength to a connection terminal of a conductor pattern in a printed wiring board. 

BACKGROUND ART 

10 [0002] Heretofore, a ball-shaped solder member has mainly been used as a joint member for electrically connecting 
conductive members of the printed wiring board to each other. And also, the ball-shaped solder member is used for con- 
necting and fixing the printed wiring board to a remote member such as mother board or the like. Such a solder member 
is a solder ball mainly composed of a solder (Pb-Sn). The solder ball joins to not only the connection terminal of the 
printed wiring board such as pad. land for through-hole or the like but also the remote member to conduct an electrical 

15 connection between the connection terminal and the remote member. 

[0003] In general, as shown in Fig. 1 , the printed wiring board for mounting an electronic part is a substrate 6 to be 
connected to a mother board 2 through a ball-shaped solder member 4 for external connection. On the substrate 6 are 
formed connection terminals 8 corresponding to a conductor pattern by etching a copper foil to form a patterned copper 
layer 9 and then covering a surface of the copper layer 9 with a plated layer 10 formed through an electroless plating 

so process. The plated layer 1 0 is an electroless Ni/Au plated layer usually formed by electroless Ni plating and electroless 
Au plating. A ball grid array corresponding to the conductor pattern is formed by disposing a solder member 4 on each 
of the connection terminals 8. 

[0004] In the above conventional printed wiring board, however, the joining property between the solder member 4 
and the connection terminal 8 is low. Particularly, the joint strength further lowers when the board is held under a high 

25 temperature condition over a long time. That is, as shown in Fig. 1 , when the solder member 4 is joined to the connec- 
tion terminal 8 by fusion, tin (Sn) oozes out from the solder onto a surface of the electroless Ni/Au plated layer 10 to 
thereby form Ni-Sn layer 1 2 between the solder member 4 and the plated layer 1 0. Phosphorus (P) included in the elec- 
troless Ni plated layer elutes out from the plated layer 10 and rapidly permeates and diffuses into the Ni-Sn layer 12. As 
a result, a phosphorus concentration in the Ni-Sn layer 12 becomes highland the joint strength between the solder 

30 member 4 and the connection terminal 8 lowers to cause the peeling of the solder member from the connection terminal 
and hence an electrically connection reliability therebetween is degraded. On the other hand, it is considered to remove 
phosphorus from the electroless Ni plated layer, but in this case, the precipitation of the electroless Ni plated layer 
becomes ununiform. 

35 DISCLOSURE OF THE INVENTION 

[0005] In view of the above conventional problems, the invention is to provide a solder member having an excellent 
soldered joint strength to the connection terminal. 

[0006] A first aspect of the invention lies in a solder member for external connection joined to a connection terminal 
40 formed on a surface of a printed wiring board corresponding to a conductor pattern and having an electroless Ni/Au 
plated layer, characterized in that the member is comprised of a solder containing finely powdered copper. 
[0007] In this invention, it Is preferable that the solder contains 0.1 -20% by weight of copper, and the solder member 
is a solder ball, and the electroless Ni/Au plated layer contains 3-12% by weight of phosphorus. 
[0008] A second aspect of the invention lies in a solder member for external connection joined to a connection ter- 
45 minal formed on a surface of a printed wiring board corresponding to a conductor pattern and having an electroless 
Ni/Au plated layer, characterized in tat the member is comprised of a solder containing finely powdered copper and plat- 
inum. 

[0009] in this invention, it is preferable that the solder contains 0.1-20% by weight of copper and 0.01-20% by 
weight of platinum or further, if necessary, 0.001-5% by weight of gold or 0.01-3% by weight of silicon, and the solder 

50 member is a solder ball, and the electroless Ni/Au plated layer contains 3-12% by weight of phosphorus. 

[001 0] A third aspect of the invention lies in a solder member for external corviection joined to a connection terminal 
formed on a surface of a printed wiring board corresponding to a conductor pattern and having an electroless Ni/Au 
plated layer, characterized in that the member is comprised of a solder containing finely powdered copper and zinc. 
[0011] In this invention, it is preferable that the solder contains 0.1-20% by weight of copper and 0.01-20% by 

55 weight of zinc or further, if necessary, 0.001 -3% by weight of iron, and the solder member is a solder ball, and the elec- 
troless Ni/Au plated layer contains 3-12% by weight of phosphorus. 

[0012] A fourth aspect of the invention lies in a solder member for external connection joined to a connection termi- 
nal formed on a surface of a printed wiring board corresponding to a conductor pattern and having an electroless Ni/Au 
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plated layer, characterized in that the member is a solder ball consisting of a core made of at least one metal selected 
from copper, nickel and cobalt and a solder layer covering the metal core. 

[001 3] In this invention, it is preferable that the metal core has a diameter of 100-800 (m. and the electroless Ni/Au 
plated layer contains 3-12% by weight of phosphorus. 
5 [001 4] A fifth aspect of the invention lies in a solder member for external connection joined to a connection terminal 
formed on a surface of a printed wiring board corresponding to a conductor pattern and having an electroless Ni/Au 
plated layer, characterized in that the member is comprised of a copper ball, a platinum layer covering the copper ball 
and a solder layer at least partly covering the platinum layer. 

[001 5] In this invention, it is preferable that the copper ball has a diameter of 100-800 (m. and the platinum layer 
10 has a.thickness of 0.05-10 (m, and the solder layer has a thickness of more than 0 (m but not more than 150 (m, and 
the electroless Ni/Au plated layer contains 3-12% by weight of phosphorus. 

[001 6] A sixth aspect of the invention lies in a solder member for external connection joined to a connection terminal 
formed on a surface of a printed wiring board con-esponding to a conductor pattern and having an electroless Ni/Au 
plated layer, characterized in that the member is comprised of a column made of at least one metal selected from cop- 

75 per, nickel, palladium, cobalt and platinum and a solder layer at least partly covering a surface of the metal column. 
[001 7] In this invention, it is preferable that the metal column is a cylindrical form and has a diameter corresponding 
to 60-97% of a diameter of the solder member, and the solder layer is the same face as at least one of two flat faces or 
both faces of the column located opposite to each other and parallel thereto, and the flat face of the metal column has 
a smoothness of 10 (m, and the diameter off the metal column is smaller than a width of the connection terminal, and 

20 the electroless Ni/Au plated layer contains 3-12% by weight of phosphorus. 

PRI^F PESCRIPTION OF THE PBAWINQS 
[0018] 

25 

Fig. 1 is a diagrammatically fragmentary view of the conventional printed wiring board. 

Fig. 2 is a flow diagram illustrating steps of producing an embodiment of the printed wiring board according to the 
invention. 

Fig. 3 is a section view illustrating some structure examples of the solder member according to the invention. 
30 Fig. 4 is a diagrammatically partial section view of an embodiment of the printed wiring board using the solder 
member according to the invention. 

Fig. 5 is a diagrammatically partial section view of another embodiment of the printed wiring board using the solder 
member according to the invention. 

Fig. 6 is a diagrammatically partial section view of the other embodiment of the printed wiring board using the sol- 
as der member according to the invention. 

Fig. 7 is a diagrammatically partial section view illustrating a joint state between a solder member and a pad of the 
printed wiring board. 

Fig. 8 is a diagrammatically partial section view illustrating a joint state between a solder member and a land of the 
printed wiring board. 

40 Fig. 9 is a diagrammatically section view of an embodiment of the ball grid array package formed by using the sol- 
der member according to the invention. 

Fig. 10 is a section view of an embodiment of the solder member according to the invention. 
Fig. 1 1 is a diagrammatically partial section view illustrating a state of joining a printed wiring board to a mother 
board by using the solder member of Fig. 10. 
45 Fig. 12 is a perspective view of an embodiment of the solder member according to the invention. 
Fig. 13 is a section view of Fig. 12. 

Fig. 14 is a partly section view illustrating a state of joining a printed wiring board to a remote member by using the 
solder member shown in Fig. 12. 

Fig. 1 5 is a perspective view of another embodiment of the solder mennber according to the invention. 
so Fig. 16 is a section view of Rg. 15. 

Fig. 17 is a perspective view of the other embodiment of the solder member according to the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 [0019] When a solder member is joined to a connection terminal formed on a copper layer of a conductor pattern 
and made of an electroless Ni/Au plated layer, a high concentration phosphorus layer resulting in the lowering of the 
soldered joint strength is formed on an upper layer part of the plated layer as previously mentioned. The inventors have 
made various studies in order to control the formation of the high concentration phosphorus layer and fourtd that when 
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the solder member is formed by adding linely powdered copper to solder component (Pb-Sn), the formation of high con- 
centration phosphorus layer can be suppressed in the joining to the connection terminal to inryarove the soldered joint 
strength to the connection terminal. 

[0020] That is, in the first aspect of the invention, copper added to the solder component controls the diffusion of 
5 phosphorus contained in the electroless plated layer, whereby the thickness of the high concentration phosphorus layer 
produced at the interface between the solder member and the electroless plated layer can be thinned to control the low- 
ering of the joint strength. 

[0021 ] When the copper content in the solder id less than 0.1% by weight or exceeds 20% by weight, there is feared 
the lowering of the soldered joint strength, so that the copper content is limited to 0. 1 -20% by weight. 
10 [0022] And also, when the solder member is a solder ball, it joins to the connection terminal in the printed wiring 
board and can play a role as a connection terminal to the remote member. 

[0023] In the production of such a solder member. Pb and Sn as a solder component and Cu are mixed at a finely 
powdered state and, if necessary, added with a flux and a tackif ier to obtain a pasty or ball-shaped solder. In case of 
the solder ball, it is preferable to heat the solder at such a temperature that copper diffuses In the solder without com- 

75 pletely fusing the ball, e.g. above ZOO^'C for at least 30 seconds. 

[0024] . On the other hand, copper layer forming the conductor pattern of the printed wiring board is subjected to an 
electroless nickel plating containing 3-12% by weight of phosphorus and subsequently to an electroless gold plating to 
form an electroless Ni/Au plated layer thereon. In this case, phosphorus contained in the nickel plated layer enhances 
the adhesion property between the nickel plated layer and the gold plated layer and makes fast the precipitation rate of 

20 gold forming the gold plated layer to improve the joint strength between the solder member and the copper layer as a 
connection terminal. 

[0025] When the phosphorus content is less than 3% by weight, the precipitation rate of gold is fast and the wire 
bonding is possible, but the joint strength between the solder member and the connection terminal in the conductor pat- 
tern considerably lowers. This is considered due to the fact that phosphorus does not migrate to the surface of the gold 

25 plated layer but retained in the interface between the nickel plated layer and the gold plated layer to form the high con- 
centration phosphorus layer, while Ni-Sn-O alloy layer consisting of nickel migrated from the nickel plated layer, tin 
migrated from the solder member and oxygen in atnx)sphere is formed at the interface between the solder member and 
the connection terminal. On the other hand, when the phosphorus content exceeds 12% by weight, the adhesion prop- 
erty between the nickel plated layer and the gold plated layer becomes high, but the precipitation rate of gold forming 

30 the gold plated layer delays to lower the soldered joint strength at room temperature. This is considered due to the fact 
that the high concentration phosphorus layer is formed in the joining of the solder member. Furthermore, the above alloy 
layer is easily subjected to an oxidation and there may be caused the lowering of the soldered joint strength in a higher 
temperature atmosphere. Particularly, in order to further enhance the soldered joint strength between the solder mem- 
ber and the connection terminal, the phosphorus content is preferable to be 5-9% by weight. 

35 [0026] Since the nickel/gold layer as a connection terminal is formed by the electroless plating, a lead for electro- 
plating is useless, so that electric noise does not generate and the conductor pattern can be formed more uniformly and 
hence fine interconnecting can be obtained in a high density. 

[0027] As the connection terminal of the printed wiring board, there are lead pin. pad for flip chip, pad for TCP and 
the like. The lead pin Is inserted into a through-hole of the printed wiring boar and joined to an inner wall of the through- 
40 hole through a solder. The pad for TCP is a tape carrier package. Such a connector terminal is connected to a remote 
memt>er such as mother board, daughter board, memory module, multichip module, plastic package, semiconductor 
device, conductor circuit or the like through the solder member to conduct transfer of electricity between the printed wir- 
ing board according to the invention and the remote member. 

[0028] The printed wiring board according to the invention can be produced by covering a full surface of an insulat- 
es ing substrate with a conductor film for wiring (copper), covering portions of the conductor film not forming a conductor 
pattern with a mask, subjecting portions forming the conductor pattern to electroless nickel plating and electroless gold 
plating to form an electroless Ni/Au plated layer containing 3-12% by weight of phosphorus, removing the mask, cover- 
ing the plated layer with another mask, etching the exposed portions of the conductor film to form the conductor pattern, 
and joining a solder member containing copper to a portion of a connection terminal in the conductor pattern. This pro- 
50 duction method is concretely described with reference to Fig. 2. 

[0029] At first, as shown in Fig. 2(a), a conductor film 22 for wiring such s copper foil or the like is disposed on a full 
surface of an insulating substrate 20 and portions not forming a conductor pattern are covered wilh a mask 24. Then, 
as shown in Fig. 2(b), portions forming the conductor pattern are subjected to electroless nickel plating and electroless 
gold plating to form an electroless Ni/Au plated layer 26. Next, as shown in Fig. 2(c). the mask 24 is removed. Then, as 
55 shown in Fig. 2(d). the surface of the plated layer 26 having a shape corresponding to the conductor pattern is covered 
with another mask 28 having a shape corresponding to the conductor pattern. Next, as shown in Fig. 2(e), the exposed 
portions of the conductor film 22 are removed by etching to form a copper layer 30 corresponding to the corxiuctor pat- 
tern. Thereafter, as shown in Fig. 2(f). the mask 28 is removed to obtain a printed wiring board having the conductor 
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pattern prior to the joining of a solder mennber. Moreover, the printed wiring board may be produced by conducing an 
electroplating instead of the electroless plating. In the latter case, the conductor film for wiring may be used as a lead 
for the electroplating. 

[0030] In the second aspect of the invention, the solder mennber is formed by adding finely powdered copper and 

5 platinum to the solder component. The addition of copper develops the same effect as in the first aspect of the invention. 
Since platinum is added in addition to copper, phosphorus in the high concentration phosphorus layer thinly formed by 
the action of copper is entrapped in the gold plated layer by the action of platinum, so that the high concentration phos- 
phorus layer is not substantially formed and hence the soldered joint strength can be further enhanced as compared 
with the case of adding only copper. 

10 [0031] The platinum content is 0.01-20% by weight, preferably 2-15% by weight. When the platinum content is less 
than 0.01% by weight or exceeds 20% by weight, there is a fear of lowering the soldered joint strength. 
[0032] The solder member may contain 0.001 -5% y weight of gold in addition to copper and platinum. In this case, 
gold can more effectively control the diffusion of component in the connection terminal of the conductor pattern into the 
solder member. When the gold content is outside the above range, the above function of gold can not effectively be 

75 developed and also there is a fear of lowering the soldered joint strength to the connection terminal. 

[0033] Furthermore, the solder member may contain 0.01-3% by weight of silicon instead of gold. In this case, sili- 
con bonds to phosphorus migrated from the nickel plated layer to thereby control the formation of the high concentration 
phosphorus layer and hence the joint strength to the connection terminal can be further enhanced. Moreover, when 
copper is not existent and only platinum is existent in the solder member, even if silicon is added, the improvement of 

20 the joint strength to the connection terminal is not obtained. However, when a given amount of silicon is added in the 
co-existence of copper and platinum, the soldered joint strength is considerably improved as mentioned above. 
[0034] The solder member and the printed wiring board according to the second aspect of the invention can be pro- 
duced in the same manner as in the first aspect of the invention. 

[0035] In the third aspect of the invention, the solder member is formed by adding finely powdered copper and zinc 
25 to the solder component. The addition of copper develops the same effect as in the first aspect of the invention. Since 
zinc is added in addition to copper, phosphorus in the high concentration phosphorus layer thinly formed by the action 
of copper is entrapped in the gold plated layer by the action of zinc, so that the high concentration phosphorus layer is 
not substantially formed and hence the soldered joint strength can be further enhanced as compared wit the case of 
adding only copper. 

30 [0036] The zinc content is 0.01-20% by weight, preferably 2-15% by weight. When the zinc content is less tan 
0.01% by weight or exceeds 20% by weight, there is a fear of lowering the soldered joint strength. 
[0037] The solder member may contain 0.001 -3% by weight of iron in addition to copper and platinum. In this case, 
iron can more effectively control the diffusion of component in the connection terminal of the conductor pattern into the 
solder member When the iron content is outside the above range, the above function of iron can not effectively be devel- 

35 oped and also there is a fear of lowering the soldered joint strength to the connection terminal. 

[0038] The solder member and the printed wiring board according to the third aspect of the invention can be pro- 
duced in the same manner as in the first aspect of the invention. 

[0039] In the fourth aspect of the invention, the solder member is a solder ball consisting of a core made of at least 
one metal selected from copper, nickel and cobalt and a solder layer covering the metal core. In this case, the metal 
40 core effectively prevents the elution of tin contained in the solder layer to control the formation of Ni-Sn alloy and also 
controls the diffusion of phosphorus contained In the electroless Nl/Au plated layer of the connection terminal Into Ni- 
Sn alloy, whereby the breakage between the solder member and the connection terminal can be suppressed to prevent 
the lowering of the soldered joint strength. 

[0040] The metal core is preferable to have a diameter of 100-800 (m. When the diameter is outside the above 
45 range, there is a fear of lowering the joint strength of the solder ball. 

[0041] Such a solder ball cam be produced by covering the metal core with the solder component through, for 
example, a dipping method in a solder bath, a plating method or the like. Moreover, the solder member and the printed 
wiring board according to the fourth aspect of the invention can be produced in the same manner as in the first aspect 
of the invention. 

so [0042] In the fifth aspect of the invention, the solder member is comprised of a copper ball, a platinum layer covering 
the copper ball and a solder layer at least partly covering the platinum layer. In this case, conponents in the copper ball 
and the platinum layer diffuse into the solder layer to form Pb-Sn-Cu-Pt alloy layer in the vicinity of the surface of the 
solder member, so that the joint strength to the connection terminal is improved through such an alloy layer. 
[0043] The copper ball is preferable to have a diameter of 100-800 (m. When the diameter is outside the above 

55 range, there is a fear of lowering the joint strength of the solder ball. Furthermore, the platinum layer is favorable to have 
a thickness of 0.05- 10(m. When the thickness of the platinum layer is outside the above range, there is a fear of lowering 
the joint strength of the solder ball. On the other hand, the solder layer is preferable to have a thickness of more than 0 
(in but not more than 150 (m. When the thickness of the solder layer is outside the above range, there is a fear of low- 
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ering the joint strength of the solder ball. 

[0044] The platinum layer is formed on the copper ball by plating method or immersion method. The thickness of 
the platinum layer is adjusted to a desired value by plating current, concentration and the like in case of the plating 
method, or by concentration in solution and the like in case of the immersion method. 
5 [0045] Moreover, the printed wiring board according to the fifth aspect of the invention can be produced in the same 
manner as in the first aspect of the invention. 

[0046] In the sixth aspect of the Invention, the solder member is comprised of a column made of at least one metal 
selected from copper, nickel, palladium, cobalt and platinum and a solder layer at least partly covering the surface of 
the metal column. In this case, a part of the metal constituting the metal column diffuses into the solder component, but 
10 hardly fuses at a melting point of the solder layer, so that the solder member can stably hold the printed wiring board 
and the remote member at a distance corresponding to the height of the metal column. Particularly, when the metal col* 
umn is a cylindrical form and the solder layer is the same face as at least one of two flat faces or both faces of the col- 
umn located opposite to each other and parallel thereto, since the flat face of the cylindrical column contacts with the 
connection terminal as compared with a point contact of the solder member comprised of the metal core to the connec- 
ts tion terminal, mechanical stress and thermal stress can be dispersed and hence the connection reliability of the solder 
member to the printed wiring board and/or the remote member becomes considerably high. Furthermore, a part of the 
metal component constituting the metal column diffuses into the solder component to improve the soldered joint 
strength to the connection terminal. 

[0047] The metal column has a diameter corresponding to 60-97% of the diameter of the solder member. When the 
20 diameter is less than 60%. the connection reliability to the connection terminal of the printed wiring board and the 
remote member may not be maintained for a long time, while when it exceeds 97%. an initial joint strength may not be 
obtained. Further, it is favorable that the flat face of the metal column has a smoothness of 10 (m. and the diameter of 
the metal column is smaller than a width of the connection terminal. Thus, the solder member can stably and surely be 
joined to the connection terminal. 
25 [0048] As the solder member according to the sixth aspect of the invention, there are structures shown in an upper 
row of Fig. 3. A solder member 30 shown in Fig. 3(a) is a cylindrical column formed by covering a full face of a cylindrical 
metal column 32 with a solder layer 34, and a solder member 36 shown in Fig. 3(b) is a cylindrical column formed by 
covering only a side face of the metal column 32 with the solder layer 34 so that the upper and lower faces of the metal 
column 32 are the same as the upper and lower faces of the solder layer 34. and a solder member 38 shown in Fig. 3(c) 
30 is a cap*shaped cylindrical column formed by covering side face and upper face of the metal column 32 with the solder 
layer 34 so that a lower face of the metal column 32 is the same as a lower face of the solder layer 34. and a solder 
member 40 shown in Fig. 3(d) is an approximately spherical body formed by covering a full face of the metal column 32 
with the solder layer 34. 

[0049] When each of the solder members shown in the upper row of Fig. 3 is placed on a connection terminal of a 
35 printed wiring board 6 and hen heated, as shown in a middle row of Fig. 3. the solder layer 34 is melted and a part 
thereof is flown out onto a surface of the connection terminal and joined thereto. Then, when a remote member 2 is 
placed on the solder member and again heated, as shown in a lower row of Fig. 3, a part of the solder layer 34 is melted 
and flow out onto a surface of the remote member 2 and joined thereto. 

[0050] Moreover, the printed wiring board according to the sixth aspect of the invention can be produced in the 
40 same manner as in the first aspect of the invention. 

[0051] In alt aspects of the Invention, the solder member ca be joined to the printed wiring board and/or the remote 
member by heating and melting the solder layer and it is not required to previously apply a solder paste to the surface 
of the connection terminal, so that the production step can be simplified. 

[0052] The following examples are given in illustration of the invention and are not intended as limitations thereof. 

45 

Example 1 

[0053] In this example, the production of a printed wiring board using a solder member comprised of a solder con- 
taining copper is described with reference to Fig. 2 and Fig. 4. 

so [0054] As shown in Fig. 4, the printed wiring board 6 of this example has connection terminals or so-called pads 44 
solder-joined with a solder member 42 for external connection. The pad 44 is a part of a conductor pattern of the wiring 
board and is comprised of a copper layer 30 and an electroless Ni/Au plated layer 26. On the other hand, a top of the 
solder member 42 is joined to a remote member, for example, a pad of a mother board as shown in Fig. 1 . 
[0055] In the production of the printed wiring board, as shown in Fig. 2, there is first provided an insulating substrate 

55 20 made from epoxy resin, polylmide resin or bismaleimide triazine and a glass cloth or glass fiber and a copper foil 22 
as a conductor for wiring is adhered thereonto. Then, a copper layer 30 corresponding to a conductor pattern is formed 
by etching the copper foil, and thereafter the surface of the patterned copper layer 30 is subjected to an electroless plat- 
ing to form a plated layer consisting of nickel layer 26-1 and gold layer 26-2 as a pad 44. In this case, the thickness of 
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the nickel layer is 0.1-30 (m, and the thickness of the gold layer is 0.01-10 (m. 

[0056] Separately, finely powdered copper is uniformly dispersed into a solder component (Pt>Sn) to obtain a ball- 
shaped solder member 42. 

The solder member 42 is placed on the pad 44 and joined to the pad by heating and melting at 200^*0 for 30 seconds. 
5 In this case, Sn-Ni alloy layer and high concentration P layer containing Sn, Cu migrated from the solder member and 
Ni. P migrated from the nid<el layer are fomried in the gold layer. 

[0057] In the thus produced printed wiring board, a relation of the solder member, component in the nickel layer and 
joint strength of the solder member is examined. 

[0058] Samples 1 , 2 (invention products) are produced by varying copper content in the solder member and phos- 
10 phorus content in the nickel layer while in samples CI , C2 (comparative example), the solder component is constant as 
37% by weight Pb - 63% by weight Sn. 

[0059] There are measured initial joint strength, joint strength after the heating at 125*'C for 100 hours, and thick- 
ness of Sn-Ni alloy layer and thickness of high concentration P layer In the gold layer after the joining In each of these 
samples. The results are shown in Table 1 . 

15 



Table 1 



Sample 


1 


2 


01 


C2 


Ball-shaped solder member (wt%) 


Pb-Sn 


36.7-62.4 


35.5-60 


37-63 


37-63 




Cu 


0.9 


4.6 


0 


0 


Nickel layer (wt%) 


Ni 


93 


88 


93 


100 




P 


7 


12 


7 


0 


Initial joint strength (per ball) (kg) 


1.7 


1.7 


1.1 


1,6 


Joint strength after heating (per ball)(kg) 


1.5 


1.4 


0.5 


1.3 


Thickness of Sn-Ni alloy layer (fim) 


0.8 


1.5 


5.1 


1.2 


Thickness of high concentration P layer (^m) 


0.05 


0.1 


0.6 


0 



[0060] As seen from the results of Table 1 , the samples 1 . 2 are high in the joint strength as compared with the sam- 
ples CI . C2. And also, the sample CI having phosphorus-containing nickel layer is low in the joint strength as compared 
35 with the sample C2 provided with nickel layer containing no phosphorus. That is, when phosphorus is existent in the 
nickel layer, the formation of the high concentration phosphorus layer is controlled by adding copper to the solder com- 
ponent to enhance the joint strength to the connection terminal. 

Example 2 

40 . 

. [0061] In this example, as shown in Fig. 5. a bonding wire 46 is solder-joined to the pad 44 of the printed wiring 
board 6 of Example 1 through the solder member 42. 

[0062] The borxiing wire 46 electrically connects a semiconductor device (not shown) mounted on the printed wir- 
ing board 6 to the pad 44. The same effect as in Example 1 can be obtained by using the solder member of Example 1 . 

45 

Example 3 

[0063] In this example, the solder member 42 shown in Fig. 4 is a solder ball formed by adding copper, platinum 
and gold to the solder component. In this case, copper is varied within a range of 0.1-15% by weight, and platinum is 
50 varied within a range of 0.01-2% by weight, and gold is varied within a range of 0.001 -1% by weight, while in the remain- 
ing solder, lead is varied within a range of 10-70% by weight and tin is varied within a range of 30-90% by weight. Such 
a solder ball is obtained by mixing a given amount of each component with a flux and a tackif ier and shaping the result- 
ing paste into a ball. 

[0064] The same effect as in Example 1 can be obtained by using this solder member. 

55 

Example 4 

[0065] In this example, there is examined a relation of solder member, component of nickel layer and joint strength 
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of solder member in the printed wiring board shown in Fig. 4. 

[0066] Samples 3-7 (invention products) and samples C3-C5 (comparative example) are produced by varying Cu, 
Pi and Si contents in the ball-shaped solder member and phosphorus content in the nickel layer, while the samples C1 , 
C2 (comparative example) have constant solder component of 37% by weight Pb - 63% by weight Sn. 
5 [0067] There are measured initial joint strength, joint strength after the heating at 125°C for 100 hours, and thick- 
ness of Sn-Ni alloy layer and thickness of high concentration P layer in the gold layer after the joining In each of these 
samples. The results are shown in Table 2. 
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Initial joint strength 
(per ball) (kg) 


Joint strength after heating 
(per ball) (kg) 


Thickness of Sn-Ni alloy 
layer ()im) 


Thickness of high 
concentration P layer (um) 


Ball-shaped solder 
member (wt%) 


Nickel layer (wi%) 



[0068] As seen from the results of Table 2, the samples 3-7 are high in the joint strength as compared with the sam- 
ples C1 , C2. On the other hand, the sample C3 considerably degrades the joint strength after the heating because plat- 
inum is not included, while the samples C4. C5 can not control the formation of the high concentration phosphorus layer 
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because copper is not included, and are low in the joint strength. 

[0069] The same effect as in Example 2 is obtained by applying the solder member to the printed wiring board 
shown in Fig. 5. 

5 Example 5 

[0070] In this example, there is examined a relation of solder member, component of nickel layer and joint strength 
of solder member in the printed wiring board shown in Fig. 4. 

[0071] The solder member 42 is a solder ball formed by adding copper, zinc and iron to the solder component. 

10 [0072] Samples 8-12 (invention products) and samples C6-C8 (comparative example) are produced by varying Cu. 
Zn and Fe contents in the ball-shaped solder member and phosphorus content in the nickel layer, while the samples 
C1, C2 (comparative example) have constant solder component of 37% by weight Pb - 63% by weight Sn. 
[0073] There are measured initial joint strength, joint strength after the heating at 125''C for 100 hours, and thick- 
ness of high concentration P layer in the gold layer after the joining in each of these samples. The results are shown in 

75 Table 3. 
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[0074] As seen from the results of Table 3, the samples 8-12 are high in the joint strength as compared with the 
samples CI , C2. On the other hand, the samples C6-C8 can not control the formation of the high concentration phos- 
phorus layer because either of copper and zinc is not included, and are low in the joint strength. 
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[0075] The same effect as in Example 2 is obtained by applying the solder member to the printed wiring board 
shown in Fig. 5. 

Example 6 

5 

[0076] In this example, a ball-shaped solder member 50 is joined to a connection terminal 44 of a printed wiring 
board 6 produced at steps of Fig. 2. 

[0077] The connection terminal 44 is comprised of a copper layer 30 formed on an insulating substrate 20 in corre- 
spondence with a conductor pattern and a phosphorus-containing electroless Ni/Au plated layer 26 formed thereon by 
10 electroless plating. 

[0078] The solder member 50 is a solder ball formed by immersing a copper ball 52 as a metal core in a molten 
solder bat to cover the surface thereof with a solder layer 54. In this case, the diameter of the copper ball 52 is 600 (m 
and the covering thickness of the solder layer 54 Is 80 (m. 

[0079] When the solder ball 50 is placed on the connection terminal 44 and melted by heating, Ni-Sn alloy layer 56 
15 is formed in an interface therebetween, but copper component migrates from the solder ball into the alloy layer to sup- 
press the diffusion of phosphorus contained in the plated layer into the alloy layer, whereby the formation of high con- 
centration phosphorus layer is prevented and the breakage between the solder ball and the connection terminal can be 
suppressed to prevent the lowering of the joint strength. 

[0080] The same effect as mentioned above is obtained even when nickel ball or cobalt ball is used as a metal core 
20 instead of the copper ball. 

[0081] Even when the solder ball 50 is applied to a pad 58 formed on the surface of the insulating substrate 20 as 
shown in Fig. 7 or a land 62 formed around a via-hole 60 as shown in Fig. 8 as the connection terminal, the same effect 
as mentioned above is obtained. 

[0082] An embodiment of the ball grid array package provided with a ball grid array formed by using a solder mem- 
25 ber as described in the afore-mentioned examples and the following examples is shown in Fig. 9. 

[0083] The ball grid an-ay package 70 is a multilayer board formed by laminating plural glass-epoxy insulating sub- 
strates 72 through prepreg adhesive layers 74. Lands 78 for via-holes 76, pads 80. interconnecting circuits 82 and 
bonding pads 84 are formed on the surface of the multilayer board, each of which serves as a connection terminal and 
is comprised of a copper layer and an electroless Ni/Au plated layer. And also, an inner wall of each via-hole 76 is cov- 
30 ered with a metal plated film 86 and also a solder 88 is filled therein. 

[0084] In an approximately center of the multilayer board is formed a concave mount portion 90 for mounting an 
electronic part 92. The electronic pan 92 is joined to the t>ottom of the mount portion 90 through an adhesive layer 94 
such as a silver paste or the like, and electrically connected to the bonding pad 84 through a bonding wire 96, and pro- 
tected with a sealing resin 98. 
35 [0085] On the bottom side of the mount portion 90 is adhered a heat sink 1 00 through a adhesive layer 102. 

[0086] The ball grid array is formed by joining the solder member 104 described in each example to each of the 
above connection terminals, which is joined by melting to the respective terminal 108 of a mother board 106. whereby 
the ball grid array 70 is mounted onto the mother board 106. 

40 Example 7 

[0087] In this example, there is produced a t^ll-shaped solder member 110 shown in Fig. 10. 

[0088] At first, a platinum layer 1 14 is formed on a surface of a copper ball having a diameter of 100-800 (m by a 

plating method. The thickness of the platinum layer 1 14 is adjusted to a given value within a range of 0.05-10 (by con- 

45 trolling a plating current and a platinum concentration. 

[0089] Then, a solder layer 116 is formed on the surface of the platinum layer 114 by anyone of molten solder 
immersion method, solder plating method, solder paste application method and the like. The thickness of the solder 
layer 116 is adjusted to a given value within a range of more than 0 (m but not more than 150 (m by controlling the 
immersion time in case of the molten solder immersion method, plating current and solder concentration in case of the 

so solder plating method, and paste concentration and application quantity in case of the solder paste method. 

[0090] By using the thus formed solder member 110 are joined a printed wiring board 1 20 and a mother board 1 30 
as shown in Fig. 1 1 . In this case, the solder member 110 is fed onto a pad having a three layer structure comprised of 
a copper layer 122, an electroless nickel plated layer 124 containing phosphorus and an electroless gold plated layer 
126 as a connection terminal formed on the printed wiring board 120 in correspondence with a conductor pattern and 

55 joined to the pad by heating at a given temperature for a given time. Then, a pad formed in the mother board 130 and 
comprised of a copper layer 132, a nickel plated layer 134 and a gold plated layer 136 is joined to a head portion of the 
solder member 1 10 by heating and melting the solder member. Thus, pad of the printed wiring board 120 is electrically 
connected to the pad of the mother board 130 through the solder member 1 10. 
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[0091 ] Moreo\/er. 1 28 and 1 38 are solder resists, respectively. 

[0092] When the solder member 110 is melted by heating, components of the copper ball 112 and the platinum 
layer 1 14 diffuse into the solder layer 1 16 to form Pb-Sn-Cu-Pt alloy layer in the vicinity of the surface of the solder mem- 
ber, whereby the migration of phosphorus from the nickel plated layer is suppressed to improve the joint strength to 
5 each pad. 

[0093] Moreover, the same effect as mentioned above is obtained eve when a ball comprised of copper ball and 
platinum layer is placed on a solder layer formed on the pad and partly covered therewith by heating and melting the 
solder layer to form a solder member. In this case, the similar effect is obtained even when the platinum layer covering 
the copper ball is formed in only a position contacting with the solder layer. 

10 

Example 8 

[0094] In this example, there is produced a solder member for joining to a connection terminal of a printed wiring 
board as shown in Fig 12 and Fig. 13. 

75 [0095] This solder member 140 Is a cylindrical body arxi is comprised of a cylindrical metal column 142 and a sol- 
der layer 144 partly covering the surface of the metal column 142. The solder member 140 has two flat faces wherein 
the two flat faces are formed at positions opposite to each other. That is, bottom 140-1 and top 140-2 of the solder mem- 
. ber 140 are the same as bottom 142-1 and top 142-2 of the metal column 142. Therefore, the solder member 140 is a 
cylindrical column having the same central axis as a central axis of the metal column 142. 

20 [0096] As the metal column 1 42 is used a copper column having a diameter corresponding to 70% of the diameter 
of the solder member. The similar effect is obtained by using nickel, palladium, cobalt and platinum instead of copper. 
The solder layer 144 consists essentially of a solder (Pb-Sn). The copper column is covered with the solder by a solder 
plating method, a dipping method in a molten solder bath or the like and then cut into a given length by using a laser or 
the like to form the solder member 140. 

2S [0097] By using the thus formed solder member 140 are joined a printed wiring board 150 and a mother board 160 
as shown in Fig. 14. In this case, the solder member 140 is fed onto a pad having a two layer structure comprised of a 
copper layer 152 and a phosphorus-containing electroless nickel/gold plated layer 154 as a connection terminal formed 
on the printed wiring board 150 in correspondence with a conductor pattern and joined to the pad by heating and melt* 
ing at a given temperature for a given time. Then, a pad located at a given position of the mother board 150 is joined to 

30 a head portion of the solder member 140 by heating and melting the solder member . Thus, the pad of the printed wiring 
board 150 is electrically connected to the pad of the mother board 160 through the solder member 140 at a state of 
maintaining a constant distance con'esponding to the height of the metal column 142. Moreover. 156 is a solder resist. 
[0098] The solder member 140 can directly be joined to the printed wiring board and the mother board by heating 
and melting the solder layer 1 44. so that it is not necessary to previously apply a solder paste to the connection terminal 

35 and the production steps can be simplified. 

Example 9 

[0099] In this example, there is produced a solder member for joining to a connection terminal of a printed wiring 

40 board as shown in Fig. 15 and Fig. 16. 

[0100] This solder member 170 is a cylindrical column and is comprised of a cylindrical metal column 172 and a 
solder layer 174 covering a full surface of the metal column 172. In this case, bottom 170-1 and top 170-2 of the solder 
member 170 are positioned in parallel to bottom 172-1 and top 172-2 of the metal column 172. respectively. 
[0101] As the metal column 172 is used a copper column having a diameter corresponding to 80% of the diameter 

45 of the solder member. The similar effect is obtained by using nickel, palladium, cobalt and platinum instead of copper. 
The solder layer 144 consists essentially of a solder (Pb-Sn). 

The copper column Is covered with the solder by a solder plating method, a dipping method in a molten solder bath or 
the like and then cut into a given length by using a laser or the like to form the solder member 170. 

so Example 10 

[0102] In this example, there is produced a solder member for joining to a connection terminal of a printed wiring 
board as shown in Fig. 1 7. 

[0103] This solder member 180 is comprised of a cylindrical metal column 182 and an approximately ball-shaped 
£5 solder layer 184 covering the full surface of the metal column 182. In this case, the bottom 1 80-1 of the solder member 
180 is flat and is positioned in parallel to the bottom 182-1 of the metal column 182. 

[0104] As the metal column 182 is used a copper column having a diameter corresponding to 65% of the diameter 
of the solder member. The similar effect is obtained even when nickel, palladium, cobalt and platinum are used instead 
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of copper The solder layer 184 consists essentially of a solder (Pb-Sn). The solder member 180 is formed by covering 
the whole of the copper column with the solder through a solder plating method, a dipping method in molten solder bath 
or the like. 

[0105] When the printed wiring board and the mother board are joined by using the solder meniber 180. the same 
5 effect as in Example 8 is obtained. 

INDUSTRIAL APPLICABILITY 

[0106] According to the Invention, there can be provided solder members being easy in reffow joint to the connec- 
70 tion terminal and having an excellent joint strength, and also there;an be provided a printed wiring board having an 
excellent soldered joint strength to the connection terminal using the above solder member. 

Claims 

15 1 . A solder member for external connection joined to a connection terminal formed on a surface of a printed wiring 
board corresponding to a conductor pattern and having an electrotess Ni/Au plated layer, characterized in that the 
member is comprised of a solder containing finely powdered copper. 

2. A solder merriber according to claim 1 , wherein the solder contains 0.1-20% by weight of copper. 

20 

3. A solder member according to claim 1, wherein the solder member is a solder ball. 

4. A solder member according to claim 1. wherein the electrotess Ni/Au plated layer contains 3-12% by weight of 
phosphorus. 

25 

5. A solder member for external connection joined to a connection terminal formed on a surface of a printed wiring 
board corresponding to a conductor pattern and having an electroless Ni/Au plated layer, characterized in that the 
member is comprised of a solder containing finely powdered copper and platinum. 

30 6. A solder member according to claim 5. wherein the solder contains 0.1 -20% by weight of copper and 0.01 -20% by 
weight of platinum. 

7. A solder member according to claim 5. wherein the solder further contains 0.001-5% by weight of gold or 0.01 -3% 
by weight of silicon. 

35 

8. A solder member according to claim 5. wherein the solder member is a solder ball. 

9. A solder member according to claim 5. wherein the electroless Ni/Au plated layer contains 3-12% by weight of 
phosphorus. 

40 

10. A solder member for external connection joined to a connection terminal formed on a surface of a printed wiring 
board corresponding to a conductor pattern and having an electroless Ni//\u plated layer, characterized in that the 
member is comprised of a solder containing finely powdered copper and zinc. 

45 11. A solder member according to claim 10. wherein the solder contains 0.1-20% by weight of copper and 0.01-20% 
by weight of zinc. 

12. A solder member according to claim 10. wherein the solder further contains 0.001-3% by weight of iron. 

so 1 3. A solder member according to claim 10. wherein the solder member is a solder ball. 

14. A solder member according to claim 10, wherein the electroless Ni/Au plated layer contains 3-12% by weight of 
phosphorus. 

55 15. A solder member for external connection joined to a connection terminal formed on a surface of a printed wiring 
board corresponding to a conductor pattern and having an electroless Ni/Au plated layer, characterized in that the 
member is a solder ball consisting of a core made of at least one metal selected from copper, nickel and cobalt and 
a solder layer covering the metal core. 
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16. A solder member according to claim 15. wherein the metal core has a diameter of 100-800 (m. 

17. A solder member according to claim 15, wherein the electroless Ni/Au plated layer contains 3-12% by weight of 
phosphorus. 

18. A solder member for external connection joined to a connection terminal formed on a surface of a printed wiring 
board corresponding to a conductor pattern and having an electroless Ni/Au plated layer, characterized in that the 
member is comprised of a copper ball, a platinum layer covering the copper ball and a solder layer at least partly 
covering the platinum layer. 

19. A solder member according to claim 18. wherein the copper ball has a diameter of 100-800 (m. and the platinum 
layer has a thickness of 0.05-10 (m, and the solder layer has a thickness of more than 0 (m but not more than 150 
(m. 

20. A solder member according to claim 18, wherein the electroless Ni/Au plated layer contains 3-12% by weight of 
phosphorus. 

21. A solder member for external connection joined to a connection terminal formed on a surface of a printed wiring 
board corresponding to a conductor pattern and having an electroless Ni/Au plated layer, characterized in that the 
member is comprised of a column made of at least one metal selected from copper, nickel, palladium, cobalt and 
platinum and a solder layer at least partly covering a surface of the metal column. 

22. A solder member according to claim 21 , wherein the metal column is a cylindrical form and has a diameter corre- 
sponding to 60-97% of a diameter of the solder member. 

23. A solder member according to claim 21 . wherein the solder layer is the same face as at least one of two flat faces 
or both faces of the column located opposite to each other and parallel thereto. 

24. A solder member according to claim 21 . wherein the flat face of the metal column has a smoothness of 10 (m. 

25. A solder member according to claim 21 . wherein the diameter of the metal column is smaller than a width of the 
connection terminal. 

26. A solder menfiber according to claim 21, wherein the electroless Ni/Au plated layer contains 3-12% by weight of 
phosphorus. 
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FIG. 4 
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FIG. 9 
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FIG. 12 
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FIG. 15 
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Box 1 Obserraiions where certain claims were found unsearchable (Contlnualion of itcra 1 oT first sheet) 



This iotemational search report has not been established in respea of certain daims under Article 17(2Ks) for the follau'ing reasons: 
1. Q QajmsNos.: 

because they relate to subject matter not required to be searched by this Authority* namely: 



2. [x] QaimsNos.: 16, 19, 24 

because Ihey relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful intemationai search can be carried out, spcdflcally: 

The unit '*(mj does not exist and hence these claims are quite ambiguous. 



3. Q aairasNoB.: 

because Ihcy arc dependent claims and are not drafted in accordance with the seuund and third sentences uf Rule 6.4{a). 



Box II Observations where unity of invention a lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international applicaiton, as follows: 



1. As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable daims. 

2. Q As all searchable daims oould be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

X Q As only some of the required additional search fees were timely paid by the applicant, this intemaiional search report covers 
only those claims for whidi fees were paid, specifically daims Nos.: 



4. No required additionat search fees were limeiy paid by the apph'cant. Consequently, this international search report is 

restricted to the invention first mentioned in the daims; it is covered by daims Nos.: 



Remarli on Protest The additional search fees were aooompanied by the applicant's protest. 

I I No protest aooompanied the payment of additional seardi fees. 
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